Introduction
Heavy metal contamination of the soil, atmosphere and whole environment is a serious issue in areas of intense industries and agriculture where more concentration of these metals shows tendency to accumulate in different environmental components by natural as well as anthropogenic activities. Atmospheric deposition, industrial effluents, artificial fertilizer application and improper waste disposal of plants and animals origin etc. are major problems responsible for heavy metal contamination. The total heavy metal content of the soil is commonly used to indicate the degree of contamination but the heavy metal concentration in solution mostly determines the actual environmental exposure or risk (Sherene, 2012) .
Industrialization is the major cause for accumulation of pollutants. Use of untreated and treated waste water for agricultural purpose has direct impact on the fertility of soil and the contaminated soil cause risk to the food chain and quality of ground water (Jadhav et al., 2010) . Industries create various environmental problems in and around factory areas by discharging untreated or partially treated effluents into the sewers and drains and favour spread on land surfaces. The toxic heavy metals coming from various industries like electroplating, automobile exhaustions and bicycle manufacturing industries entering the ecosystem may lead to geo accumulation, bio-accumulation and bio-magnification (Sherene, 2012) . They produce harmful effects on microbial activities in soil and increase pollution (Baath, 1989) .
Heavy metal pollution in rural area occurs due to improper disposal of industrial effluents and sewage sludge which cause problem for grazing animals because heavy metals depose on pastures grasses or forages (Smith et al., 1991) . Kutch is one of the heavily industrialized districts of Gujarat. The key industries in Kutch include engineering, power, steel pipes, cement and handicrafts. Emerging industry sectors include construction, chemicals, ceramics and textiles. Kutch contributes to over 60% of Gujarat's salt production which is largely exported to foreign countries. The present investigation on heavy metal assessment in soil, water and fodder was carried out in Kutch district of Gujarat with objective to generate data regarding the presence of heavy metals and to study correlationship between levels of heavy metals in soil, fodder and water.
Materials and Methods

Study area
Kutch is the largest district of India, present in Gujarat state with an area of 45,674 km². It is situated in the South Western corner of the Gujarat between 22.44˚ and 24.41˚ North Latitude and 78.89˚ and 71.45˚ East Longitude. Major soil types are medium black, sandy and hydromorphic type. The most common fodder crops grown in Kutch district are bajra, green gram, castor, groundnut, cotton, wheat and moth bean.
Collection of samples
Samples were collected from two different areas representing industrial (area 1) and nonindustrial area (area 2) namely; Gandhidham and Bhachau. The two areas chosen have a minimum of 30 km distance between them. Total ten villages were selected five each from industrial area (Gandhidham) and nonindustrial area (Bhachau) for sample collection. From each village six soil, six fodder and six water samples were collected randomly, thus making a total of 60 soil, 60 fodder and 60 water samples from designated areas and the total number of samples collected for entire experiment was 180 (Table  1) .
Soil samples were obtained from agricultural land used for fodder production, from depth of 0 -15 cm as per standard Vtrench method and stored in clean and dry polythene bags.
Water was collected in a clean and dry plastic container, directly from sources of drinking water for animals at the owner's farm or home. Fodder samples were collected directly from animal farms (storage fodder) which were routinely used for feeding to animal and they were stored in a clean and dry polythene bags.
Sample digestion
Exact 10 grams of air dried soil was weighed out using an electronic balance and transferred into a 50 ml conical flask. To this flask, 20 ml of the Diethyl triamine penta-acetic acid (DTPA) extracting solution was added. The suspension was mixed thoroughly using a mechanical shaker for 2 hours with a speed of 120 cycles per minute. The suspension was then filtered with Whatman Paper No. 41 (Tandon, 1993) . The filtered sample was stored in dry and clean centrifuge tube (prior washed with deionised water) for temporary storage until final analysis was done. Water samples were analysed directly, without any further treatment (Mwegoha and Kihampa, 2010) .
The dried and powdered fodder samples were digested with 10 ml tri-acid mixture (HNO 3 : H 2 SO 4 : HClO 4 ) in ratio of 10:1:4 (v/v) (Jones et al., 1991) . Tri-acid mixture (600 ml) was prepared by mixing nitric acid (400 ml), sulphuric acid (40 ml) and perchloric acid (160 ml) in a glass beaker and allowed to cool and then stored in a glass stoppered reagent bottle. About 0.5 gram of dry and powdered fodder was taken in flask and 10 ml of the triacid mixture was added. It was mixed well and kept over-night at room temperature.
On next day, the mixture was heated for digestion at 180-200˚C on the electric hot plate until dense white fumes of acids were evolved and a clean colourless solution/ aliquot was obtained. Likewise, all samples were digested till the volume was reduced to 1-2 ml and allowed to dry. The samples were allowed to cool down and the content was dissolved with 20 ml of distilled water.
The sample was filtered with Whatman Paper No. 41 and stored in dry and clean centrifuge tube (prior washed with deionised water) for temporary storage until analysis.
Instrumentation
The concentrations of six heavy metals viz. Cd, Co, Cr, Ni, Pb and Cu were determined with Atomic Absorption Spectrophotometer (ECIL, Electronics Corporation of India Limited, Model AAS4141). The hollowcathode lamps for Cd, Co, Cr, Ni, Pb and Cu (Photron®) were employed as radiation source. The fuel used was a mixture of air and acetylene gas. Standard solutions prepared by appropriate dilution of the stock solution 10 mg/L was used to calibrate the device by means of the standard curve method (Desai et al., 2018) .
Quality Assurance
Appropriate quality assurance procedures and precautions were taken to ensure the reliability of the results. Blank standards and distilled water were also checked before the analysis. In addition, samples were carefully handled to avoid any kind of chemical contamination. Moreover, the glasswares were properly cleaned, and reagents used were of extra-pure/ analytical grades. The deionized water was used throughout the study. Every time standards were run prior to sample run in the AAS.
Statistical analysis
The significance of the difference between two sampling areas was tested using analysis of variance (one way ANOVA). The impact of industrialization on concentration of heavy metals in soil, water and fodder was tested by employing appropriate statistical procedure using SPSS version 16.0 software for Windows ® .
Results and Discussion
The mean ± SE values (mg/L) of Cd, Co, Cr, Ni, Pb and Cu in soils from area 1 and area 2 are summarized in Table 2 . In the present study, the average value of Co in soil was found to be significantly higher (P<0.01) in area 2 as compare to area 1. The natural and anthropogenic factors cause soil pollution which affect environment. The scattered presence of brick kilns around sampling areas may be attributed to such results (Porshad et al., 2017) .
The mean concentration of Cu was observed to be higher in area 1 than area 2. Such variation in the Cu levels in area 1 and 2 can be justified on the basis of presence of many industrial units related to metal, glass, paints, chemical, and ceramics. However, Cr and Pb differed non-significantly (P>0.05) in the soil samples collected from both the areas. Similar studies on the levels of heavy metals in soil were reported in Madhya Pradesh (Rathor et al., 2017; Ahirwar et al., 2018) and Andhra Pradesh (Devasena et al., 2012; Ramesh et al., 2014) . The heavy metals analysis with similar trend of results in soil of industrial area is also reported abroad in sawmill industries in Ekiti State, Nigeria (Ezekiel et al., 2013) .
The concentrations of heavy metals in water in present study are shown in Table 3 . The residue levels of Cd, Ni and Pb in water were observed to be significantly higher (P<0.01) in area 2 than area 1 and Co, Cr and Cu differed non-significantly (P>0.05) in both the areas.
Similar result of high level of heavy metals in water was reported in Andhra Pradesh (Ramesh et al., 2014) and reported at abroad in small-scale mining communities of Nangodi and Tinga in northern Ghana (Cobbina et al., 2015) , marble industries in Khairabad, District Nowshera, Khyber Pakhtunkhwa, Pakistan (Khan et al., 2017) and abandoned Pb-Zn mines in Yelu in Bauchi State, Northern Nigeria (Sanusi et al., 2017) . Ojekunle et al., (2016) reported the high mean concentration of Cd (0.0121 mg/L), above the maximum permissible value of Standard Organization of Nigeria standards for drinking water Standard Organization of Nigeria (SON, 2007) and World Health Organization (WHO, 2004) . In present study, the concentration of lead (Pb) was present in two samples out of the fifteen water samples with a mean value of 0.0324 mg/L. The mean concentrations of Cu (0.0341 mg/L) was found to be lower than the highest permissible value, mentioned in the guideline, while no traces of Ni were found in the water samples across the two sampling locations. Mean concentrations of fodder samples for presence of heavy metals are presented in Table 4 . It is indicated that the values (mg/L) of Cd was significantly higher (P<0.01) in area 1 than their corresponding values in area 2. The higher values of Cd and Cu (mg/L) in area 1 could be attributed to presence of large, small and medium scale industrial units in sampling areas.
However, the values (mg/L) of Co in fodder samples of area 2 was significantly higher (P<0.01) than their corresponding values (mg/L) in area 1 and higher levels of Co in area 2 could not be correlated with degree of industrialization. The values of Co and Cd recorded in present study were in agreement of values reported by Ahmad et al., (2013) for Cd, Bhanderi et al., (2014) for Co, Petukhov (2016) for Cd and Malik et al., (2017) for Cd. Higher concentration of Co in different fodder species was also recorded by Ahmad et al., (2011) .
However, concentrations of Cr, Ni and Pb were found to be non-significantly (P>0.05) different in area 1 and 2. In present study, Cd in area 1 while Pb in both area 1 and 2 in fodder samples were above MPL of respective metals as recommended by the Joint FAO/WHO Expert Committee on Food Additives (1999) and Codex Alimentarius Commission (CAC, 1991) (Cd 0.2 mg/L, Pb 0.3 mg/L, Cu 40 mg/L). The most significant outcome of the study indicated that none of soil sample collected from sampling areas showed concentration (mg/L) of Cd, Cr, Pb and Cu exceeding MPL of respective metal for soil as recommended by European Commission (EC, 2006) (Cd 3.0 mg/L, Cr 150 mg/L, Pb 300 mg/L, Cu 140 mg/L). The most of samples demonstrated slightly high levels of Cd, Cr, Pb and Cu in water in area 1 and 2. Disposal of industrial wastage to the area near by water sources might be the cause of contamination of water sources and high levels of metals in study area. Large numbers of brick kilns, coal producing units, automobile hubs, petrol and diesels depot located in sampling areas were evident during sample collection. Brick kiln uses huge amount of coal and rubber tires as a fuel for manufacturing brick in non scientific way leading to adverse effect on environment by emitting metals like chromium and lead (GWRTAC, 1997; Wuana and Okieimen, 2011) . Similar findings with respect to level of Cd, Cr and Pb in water were reported in Karnaphuli river, Chittagong city, close to the Bay of Bengal, Bangladesh. It was found that level of Cd, Cr and Pb were higher than prescribed by WHO standard level for drinking water (Ali et al., 2016) .
The degree of industrialization could be correlated to presence of heavy metals quantitatively in some instances, while the presence of higher values of metals in area 2 is an exception to this correlation. This suggests that beyond the industrialization and urbanization, the anthropogenic activities, soil type and natures etc., also have impact in metal contamination of soil, water and fodder.
